Abstract
INTRODUCTION 78
During evolution, many of the ancestral cyanobacterial genes of the plastid have been 79 transferred to the nucleus or have been lost, so that only approximately one hundred proteins 80 are still encoded in the chloroplast genome, and most of the few thousand proteins of the 81 plastid proteome are nucleus-encoded and imported. The post-transcriptional steps of 82 chloroplast gene expression are highly intricate, and involve a large number of proteins that 83 are mostly nucleus-encoded (Barkan 2011 , Stern et al. 2010 . 84
In Chlamydomonas reinhardtii (Chlamydomonas), a particularly complex example of post-85 transcriptional RNA maturation in the chloroplast is the trans-splicing of psaA (photosystem I 86 subunit A), which encodes a major subunit of photosystem I (PSI). The psaA gene is split in 87 three separate exons dispersed on the chloroplast genome (Kück et al. 1987 splicing. Genetic analysis of these mutants revealed that at least 14 nucleus-encoded factors 103 are involved in the process (Goldschmidt-Clermont et al. 1990 ). To date, 6 of these proteins 104 CAPS2, STS20 and STS15 on the distal side). RAA7 thus mapped to the 405 kb interval 181 between CAPS1 (position 8'322'000 of chromosome III) and CAPS2 (position 8 727 000). In 182 a third step, Bacterial Artificial Chromosome genomic clones (BACs) covering the region 183 comprised between these two markers were used to transform the mutant and select for 184 photoautotrophic growth (Lefebvre and Silflow 1999) . Only BAC 3K11 was able to 185 complement the raa7 mutant, but BAC 2F17, corresponding to the 5' part of the BAC 3K11, 186 was unable to save the mutant. Furthermore, internal deletions of BAC 3K11 as schematized 187
in Figure 3A did not prevent complementation, showing that the RAA7 gene was contained in 188 the distal part of the BAC. Finally, transformation of raa7;cw15 with the 7.3 kb SpeI sub-189 fragment of 3K11 gave rise to photoautotrophic colonies with high efficiency. In the Interestingly, revertant strains which we called raa7-rev arose spontaneously when plating 206 raa7 cultures on minimal medium and selecting for photoautotrophic growth. Four of these 207 revertants were back-crossed to the raa7 mutant or to the wild-type strain. Analysis of 10 208 progeny from each cross indicated that the suppressor mutations segregated as Mendelian 209 nuclear markers and were tightly linked to raa7, suggesting a true reversion or an intragenic 210 suppression. Using RT-PCR we compared the cDNA sequences obtained from the RAA7 211 wild type, the raa7 mutant and the raa7-rev-1 revertant (Fig 3B; Figure S1 ). This revealed a 212 deletion of 13 bp in the raa7 mutant (nt 2864-2876) which shifted the reading frame from 213 amino acid residue 955 and led to a stop codon at position 1104. In the revertant strain, the 214 insertion of 1 bp (after nt 3045) restored the correct reading frame from amino acid residue 215 identification of RAA7 and show that the C-terminal part of the protein is essential for its 217
function. 218
An RAA7-HA "midigene" carrying an HA epitope (HaemAgglutinin) at the C-terminus (pL42, 219 Figure 3B ), was constructed as a fusion within exon 2 of a genomic fragment including intron 220 1 to the 3' part of the cDNA. A sequence encoding a triple HA epitope was inserted upstream 221 of the stop codon. Transformation of the raa7-cw15 mutant with this construct restored 222 photoautotrophic growth on minimal medium ( Figure S2A ) and wild-type levels of PsaA 223 ( Figure S2B) , showing that the RAA7-HA midigene is functional. Using an HA antiserum for 224 immunoblotting, a band at around 175 kDa was detected in protein extracts from the 225 raa7;cw15;RAA7-HA strain ( Figure 5B ). This is larger than the predicted mass of 130 kDa, 226 but comparable slow migration was previously observed for other Chlamydomonas proteins 227 such as TAA1 (Lefebvre-Legendre et al. 2015) , TAB1 (Rahire, et al. 2012) or RAA1 228 (Merendino, et al. 2006) . Anomalous migration could be due to the presence of domains of 229 low sequence complexity ( Figure S1 ) and the large size of these proteins. 230
Raa7 is a chloroplast protein 231
To investigate the localization of the Raa7 protein, we used the raa7;cw15;Raa7-HA 232 strain for cell fractionation experiments. Chloroplasts were prepared by Percoll gradient 233 centrifugation. Raa7 was found in the chloroplast fraction, together with the chloroplast 234 proteins PsaA and phosphoribulokinase (PRK), whereas the cytosolic protein Rpl37 was 235 detectable only in the total extract ( Figure 4A ). A mitochondrial fraction was also prepared, 236 which was highly enriched in the mitochondrial alternative oxidase mAOX1. Compared to the 237 total extract, Raa7-HA was depleted from this fraction in parallel with the chloroplast marker 238
PsaA. These data suggest that Raa7 is a chloroplast protein, consistent with its role in the 239 trans-splicing of psaA, but do not exclude that it could also localize to another compartment. 240
To determine whether Raa7 is a stromal or a membrane protein, we fractionated total cell 241 membranes from soluble proteins. Raa7 protein was found in the soluble fraction, where the 242 PRK protein was similarly enriched ( Figure 4C ), but was not detected in the crude membrane 243 fraction containing the thylakoid protein PsaA. 244
Raa7 is part of a high molecular weight complex 245
Raa2, a 40 kDa protein also involved in trans-splicing of exons 2 and 3 of psaA, is part of a 246 500 kDa complex that also contains the Raa1 protein, which is required for trans-splicing of 247 the psaA mRNA (Merendino, et al. 2006 , Perron, et al. 2004 ). Moreover, this complex was 248 affected in the raa7 mutant (formerly L121G) (Perron, et al. 2004 ). To determine whether 249 Raa7 is part of this protein complex, a soluble extract of raa7;cw15;RAA7-HA was 250 fractionated by centrifugation in a sucrose gradient, and the fractions were analyzed by SDS-251 PAGE and immunoblotting ( Figure 5A ). Raa7 was present mainly in fraction 4, corresponding 252
to an apparent molecular mass of approximately 500 kDa. As the molecular mass of Raa7 is 253 130 kDa, this result suggested that the protein was indeed part of a multimeric complex. 254
Furthermore, Raa2 could be detected in the same fraction as Raa7 ( Figure 5A ). Because the 255 anti-Raa2 antibody was not monospecific, fraction 4 was run alongside the wild type and the 256 raa2 mutant to validate the identification of Raa2 ( Figure 5B) . A parallel sedimentation 257 analysis of Raa1 tagged with an HA epitope in the background of the raa1 mutant 258 (raa1/RAA1-HA) showed two peaks as previously observed (Merendino, et al. 2006 , Perron, 259 et al. 2004 ). The smaller complex containing Raa1-HA co-sedimented with Raa7 and Raa2 260 in fraction 4 ( Figure 5A and B) . 261
The sucrose sedimentation data suggested that Raa7 is part of a complex together with 262
Raa1 and Raa2. To confirm this interpretation, we used the previously described TAP 263 (tandem affinity purification) method coupled to mass spectrometry to purify native Raa7 264 protein complexes from chloroplasts of C. reinhardtii (Jacobs et al. 2013 For TAP purification of Raa7 and associated components, a total of three independent 276 experiments were performed in order to identify interactors with high confidence. To 277 discriminate between specific and non-specific interactions, control experiments using the 278 same purification parameters were conducted in parallel. Three RST-1 cultures, harboring a 279 TAP-tagged small subunit of RubisCO , and one non-tagged culture of the arg -cw15 were 280 used for TAP experiments (C1-C4). Proteins detected in these purifications were considered 281 as unspecific. A total of 53 specific proteins were detected in all three replicates of 282 or mitochondrial transit peptide and were assigned as putative Raa7 complex components 289 (Table 1) . 290
Amongst these, Raa7 as bait protein was detected with a high number of unique peptides 291 (Table 1 , "Σ ≠ peptides") and a sequence coverage of 26 %. Moreover, splicing factors Raa1
292
and Raa2 were identified in all three Raa7-TAP experiments. Thus, our TAP-MS results 293 confirm that Raa7 is part of the Raa1/Raa2 complex, which is required for splicing of the 294 second psaA group II intron. 295
To further investigate whether the interaction of Raa7, Raa2 and Raa1 is direct, we used the 296 two-hybrid method in the yeast Saccharomyces cerevisiae. We were unable to amplify the 297 full-length cDNA of Raa7 which has a high GC content, but cloned subfragments of Raa7 298 into vectors with the GAL4 activation domain (pGADT7) or the GAL4 DNA binding domain 299 (pGBKT7). A sequence encoding the C-terminal part of Raa1 and a sequence coding for the 300 nearly full length of Raa2 (except its first 15 amino acids which are predicted to be part of the 301 transit peptide) were cloned in the two vectors (Jacobs, et al. 2013 ). Yeast strains carrying 302 the desired plasmids were mated to obtain diploids, which were then spotted on selective 303 medium to monitor two-hybrid interactions. In order to rule out activation in the absence of an 304 interacting partner, all strains were mated against control strains carrying empty vectors with 305 either the GAL4 DNA-binding domain or the GAL4 activation domain. In none of these cases 306 was there any evidence of activation when the diploids were tested for growth on selective 307 medium. Of the different Raa7 constructs that were used, the only positive results were 308 obtained with the plasmids encoding amino acids 42-432 fused either to the activation or the 309 DNA-binding domain of GAL4. We observed that Raa7 interacts with itself and with the Raa1 310 and Raa2 proteins ( Figure 5C ). It should be noted that these interactions were tested on 311 medium with the highest stringency suggesting a strong interaction. However, the interaction 312 between Raa7 and Raa2 could only be detected when Raa7 was fused to the GAL4 313 activation domain and Raa2 to the GAL4 DNA-binding domain but not conversely. These 314 data strongly suggested that Raa7 interacts with Raa1 and Raa2, and that this interaction is 315 direct. 316
DISCUSSION 317
Our characterization of raa7 led to the identification of a factor that is required for trans-318 splicing of exons 2 and 3 of psaA in the chloroplast of Chlamydomonas. As with other 319 mutants affected in trans-splicing of psaA, introduction of an intron-less version of the psaA 320 gene in the chloroplast genome (Lefebvre-Legendre, et al. 2014) was sufficient to fullyrescue the raa7 mutant. This observation indicates that Raa7 has no essential function other 322 than in trans-splicing of psaA under the conditions that were tested. 323
Because revertants of raa7 appeared spontaneously with a relatively high frequency, it was 324 not possible to identify the Raa7 gene by complementation with pooled clones from a library 325 of genomic DNA. We resorted to map-based cloning, and used progeny from a cross of raa7 326 to a polymorphic strain of Chlamydomonas to define genetically a 400 kb interval of 327 chromosome 3 that includes the Raa7 locus. Complementation with individual BAC and 328 cosmid clones representing this interval allowed the identification of the Raa7 gene. The 329 predicted Raa7 protein (130 kDa) has a putative transit peptide for chloroplast import, but 330 does not harbor any other previously described protein domain that we could identify. Raa7 331 is enriched in purified chloroplast but not in mitochondrial preparations, and is present in the 332 soluble fraction but is not detected in the membrane fraction. 333
Group II introns from plant and algal organelles appear to have degenerated during 334 evolution, so that for splicing they typically require protein factors, most of which are encoded 335 in the nucleus. These factors form large multimeric complexes that are thought to function as 336 spliceosomes for specific group II introns. Previous work showed that trans-splicing of exons 337 2 and 3 of psaA involves a ∼500 kDa complex that includes Raa1 and Raa2, two proteins 338 which are essential for this maturation step (Merendino, et al. 2006 , Perron, et al. 1999 ). The 339 size of the complex was affected in the raa7 mutant (formerly L121G), suggesting that Raa7 340 could be part of the complex, or alternatively be necessary for its assembly (Perron, et al. 341 2004) . To investigate the protein-protein interactions that engage Raa7, we combined three 342 different experimental approaches: sedimentation analyses, TAP purification followed by 343 mass-spectrometry and yeast two-hybrid assays. The combination of the three methods 344 offered converging evidence that Raa7 is indeed part of the ∼500 kDa complex that also 345 contains Raa1 and Raa2. These three splicing proteins have a molecular mass of 346 approximately 360 kDa, thus suggesting that further subunits involved in trans-splicing of 347 RNA in vitro (Glanz, et al. 2012 ). Alternatively, Raa7 may not bind RNA directly, but be 353 indirectly associated with RNA through its interacting partners. Raa7 has several stretches of 354 repetitive amino-acid sequences called low-complexity regions (LCRs) (Glanz, et al. 2012 partner, Raa2, belongs to the family of pseudouridine synthases and may hence also have 361 the ability to bind RNA (Perron, et al. 1999) . 362
From this and other work, the simple picture that emerges for the trans-splicing machinery of 363 psaA includes at least two complexes (Figure 6 ). The first one is a ribonucleoprotein 364 complex, containing subunits that either promote maturation of tscA or trans-splicing of 365 exons 1 and 2. It contains at least 5 proteins: Raa1, Raa3, Raa4, Rat2 and Rab1 (Jacobs, et 366 al. 2013 ). We show here that a second complex (∼500 kDa), required for the trans-splicing of 367 exons 2 and 3, contains at least Raa1, Raa2 and Raa7. However, the trans-splicing 368 machinery may be more complex since Raa1 was previously found in another complex of 369 approximately 670 kDa (Merendino, et al. 2006 ). The presence of Raa1 in two different 370 complexes may be correlated with the fact that it harbors two different domains, each 371 involved in trans-splicing of one of the two split introns of psaA. Furthermore, we have shown 372 that Raa1, Raa2 and Raa7 interact although Raa7 is mainly in the soluble fraction, whereas 373
Raa1 and Raa2 were reported to be mostly associated with membranes (Merendino, et al. Apart from the three previously known psaA trans-splicing factors, 29 other proteins were 381 also specifically enriched in the purification of Raa7-TAP (Table 1) . Amongst these, there 382
were three proteins of the small subunit of the plastid ribosome. This could indicate that there 383 is a coupling between splicing and translation. Whether there is a direct interaction of the 384 psaA trans-splicing complex with the ribosome should be the subject of future investigation. 385
Six protein components of the thylakoid photosynthetic electron transfer chain were also 386 found in the purification of Raa7-TAP that belong to three distinct complexes (Photosystem 387 
EXPERIMENTAL PROCEDURES 432

Strains and Media 433
The Chlamydomonas reinhardtii strains were grown in Tris-acetate-phosphate 434 medium (TAP) or in high salt minimal medium (HSM) (Rochaix et al., 1988) 
Genetic analysis 441
Crosses were performed using standard protocols (Harris, 1989) . The L121G mutant 442 (Girard, et al. 1980 ) was back-crossed 3 times to the wild type, leading to the strain called 443
raa7. For linkage analysis, the raa7 mutant was crossed with the interfertile species 444
Chlamydomonas grossii (S1-D2) (Rymarquis et al. 2005 ). For nuclear transformation, the 445 raa7 mutant was crossed to the cw15 strain to give raa7;cw15. The four raa7 revertant 446 strains (raa7-rev/1-4) appeared spontaneously after plating on HSM medium in 60 μE m ). Nuclear transformations were achieved using the glass 452 beads / vortex protocol (Kindle 1990 ) and transformants were selected on HSM plates for 453 photoautotrophic growth (60 μE m -2 s -1
). 454
Cloning of the RAA7 gene 455
Raa7 was crossed to S1-D2 and progeny were dissected and tested for lack of 456 photoautotrophic growth by plating on HSM plates and otherwise maintained on TAP plates. 457
One mutant progeny from each of 57 tetrads was used to create the mapping population. 458
The polymorphic markers were based on PCR reactions performed on total DNA extracts 459 (Table S1 ). Markers were scored for the percent of progeny that 461 contained the marker allele from the raa7 parent ( Figure 3A) . Two BAC clones, K11 and 462 2F17 covering this region were used to transform the raa7;cw15 mutant ( Figure 3B (Table S2 ). The 7.3 kb SpeI fragment from 14C2 containing the RAA7 gene 467 including the 5'UTR (0.4 kb upstream the ATG start codon) was subcloned in Bluescript KS 468 (+) to yield plasmid pL39, which was sequenced by Fasteris (Geneva). 469
In order to determine the exon organization of the RAA7 gene and the nature of the 470 mutation in the raa7 mutant, total RNA was extracted from raa7, revertant raa7-rev/1, and 471 the wild type and subjected to RT-PCR with random hexamer primers following the 472 instructions of the manufaturer ( Takara, PrimeScript First-Strand cDNA Synthesis) to obtain 473 four overlapping cDNA fragments using the following oligonucleotides : ACC Rev8 + ACC 474 For4 ; ACC Rev9 + ACC For6 ; ACC Rev5 + ACC For8 ; ACC 13ATG bis + ACC BAC3 Rev 475 (Table S2 ). After agarose gel electrophoresis, the PCR fragments were purified and 476 sequenced (Fasteris, Geneva). The HA-tagged midigene RAA7-HA (pL42), was constructed 477 as follows. A synthetic 2.1 kb MfeI-EcoRI fragment (Genscript) corresponding to the 3' part of 478 the cDNA (from amino acid 613) and containing a triple HA epitope fragment inserted 479 between XhoI sites just before the stop codon, was used to replace the MfeI-EcoRI fragment 480 of pL39, yielding plasmid RAA7-HA (pL42). 481
The TAP-tagged Raa7 gene Raa7-TAP (pL52), was constructed as follows. The 482 cTAP sequence was amplified from pCM10 (Jacobs et al. 2013 ) with the oligonucleotides 483 TAP tag For and TAP tag Rev (Table S2 ) and used to replace the XhoI fragment of Raa7-HA 484 (pL42) to yield the plasmid Raa7-TAP (pL52) . 485
To construct the Raa7 plasmids for yeast two-hybrid experiments, a cDNA fragment 486 coding for amino acids 42-432 was amplified by RT-PCR using the oligonucleotides ACC 487 DH1 For and ACC DH1 Rev (Table S2 ). This fragment was digested with EcoRI and BamHI, 488 and inserted into pGBKT7; and pGADT7. The yeast two-hybrid vectors pGBKT7 and 489 pGADT7, containing the cDNA of Raa1, were described in Jacobs et al.
(2013). An EcoRI-490
PstI fragment of the cDNA of RAA2 corresponding to the amino acids 15-410, was inserted 491 into pGBKT7 to yield pL55 and into pGADc2 to yield pGAD-Raa2 (kindly provided by Dr. Karl 492
Perron). 493
RNA analysis 494
Total RNA was prepared as described previously (Lefebvre-Legendre, et al. 2015 ) 495
and analysed by formaldehyde agarose gel electrophoresis, transfer to Nylon membranes 496 and hybridization using probes labelled with 
Protein analysis 499
Total proteins from Chlamydomonas cells (5 mL, 2 × 10 6 cells mL -1
) were prepared as 500 described previously (Lefebvre-Legendre, et al. 2015 ) and analysed by SDS-PAGE (15%, 501 12% or 6% acrylamide) and immunoblotting. Labelling of the membranes with antisera 502 against PsaA (a gift of Kevin Redding), D1, PRK, anti-cyt f , psaF, psaD, rbcL, LHCI (p17.2), 503 LHCII (CP29) (gifts of Jean-David Rochaix), RPL37 (Ramundo et al. 2013 ), anti-CF1 (gift of 504 Sabeeha Merchant) or the monoclonal antibody HA-11 (Covance) was carried out at room 505 temperature in 1× TBS (50 mM Tris-HCl pH 7.6, 150 mM NaCl), 0.1% Tween 20 and 5% w/v 506 nonfat powder milk. After washing the membranes, the antibodies were revealed with a 507 peroxidase-linked secondary antibody (Promega) and visualized by enhanced 508 chemiluminescence. 509
Cell fractionation 510
Cells were lyzed with a nebulizer and chloroplasts were purified on Percoll gradients 511 as described previously (Rivier, et al. 2001 ) in the presence of 0.1 mM of AEBSF. 512
Mitochondria were purified according to (Cardol et al. 2002) . 513
Fractionation of membrane and soluble proteins, was performed as described by 514 (Boulouis et al. 2011) with the modification that the supernatant from the French press lysate 515
(1 mL) was layered on top of two layers of sucrose (1 mL of 1.5 M and 1 mL of 0.5 M). After 516 centrifugation, the soluble fraction was the supernatant at the top of the tube and the 517 membrane fraction was at the interface of the two sucrose layers. 518
Sucrose gradient sedimentation analysis was performed with the supernatant 519 corresponding to soluble proteins, described above. The samples (1 mL) were loaded on 520 sucrose gradients (10 mL; 5-45% sucrose, 20 mM HEPES (pH 7.2), 50 mM KCl, 10 mM 521 MgCl2). After centrifugation at 37 000 rpm for 18h in the SW40 rotor (Beckman), 11 fractions 522
(1 mL) were collected from the bottom by puncturing the tube. Sedimentation was calibrated 523 with the Gel Filtration Calibration Kit HMW (GE28-4038-42 SIGMA). 524 525
Yeast two-hybrid analysis 526
S. cerevisiae strains PJ69-4a and PJ69-4α were transformed with the different 527 versions of pGADT7 and pGBKT7 respectively (Clontech). Cells were grown overnight in 528 complete YPGA medium. Cells were diluted in 10 ml of complete medium at a final optical 529 density at 650 nm of 0.2 and incubated 5 hours at 28°C. Cells were centrifuged and washed 530 first with 1 mL of water and then with solution A (Lithium Acetate 100 mM, TE 1X) and 531 resuspended in 100 μL of solution A. 50 μL of cells were mixed to 50 μg of salmon sperm 532 DNA, 1 μg of plasmid DNA and 300 μL of solution B (PEG-4000 40%, Acetate 100 mM, TE 533 1X) and incubated 30 minutes at 28°C with shaking and then at 42°C for 15 min. Cells were 534 harvested by centrifugation, washed once with 1 mL water, resuspended in 100 μL water, 535 and plated on minimal medium lacking leucine for pGADT7 transformations and lacking 536 tryptophan for pGBKT7's transformations. The transformed strains were mated to obtain 537 diploid cells containing two plasmids. For this, the transformed strains were separately grown 538 overnight in selective medium and 5 µl of the first transformant were spotted on minimal 539 medium lacking leucine and tryptophan. Once the spots were dry, 5 µl of the second 540 transformant were spotted over the first transformant. After an incubation of 3-5 days at 541 30°C, diploids were subcloned on double selective medium. Two independent diploid clones 542 were then spotted onto quadruple selective minimal medium lacking leucine, tryptophan, 543 adenine and histidine. 544
545
TAP purification of Raa7-interacting proteins 546
For solubilisation of chloroplast membranes, pelleted cells were resuspended in lysis buffer 547 (100 mM Tris, 150 mM NaCl, pH 8.0) containing 0.5 % n-Dodecyl β-D-maltoside and 548 protease inhibitors (Protease Inhibitor Mixture VI, Calbiochem, Germany). Cells were lysed 549 by sonication (4 times 60 s, 70-90% power ) and incubated on ice for 20 min. After 550 centrifugation (25.000xg, 30 min, 4°C), the supernatant was used for TAP purification as 551 described previously (Jacobs et al. 2013 , Bloemendal et al. 2012 . 552 553
LC-MS/MS analysis 554
For the Raa7::TAP replicate P1, sample preparation and MudPIT-MS/MS analyses were 555 performed as described previously (Jacobs, et al. 2013 ). Replicates P2 and P3 were 556 processed as follows. All chemicals for ultra-pure HPLC solvents such as, formic acid (FA), 557 trifluoroacetic acid (TFA) and acetonitrile (ACN) were obtained from Biosolve, Valkenswaard, 558 the Netherlands. Generated tryptic peptides were acidified with TFA to a final concentration 559 of 0.5% (v/v). Desalting was conducted with 10 µL C18 tips (OMIX, Varian) according to the 560 manufacturer's protocol and the eluates were subsequently dried under vacuum. To each 561 sample, 15 µL of 0.1% (v/v) TFA was added and only 1/3rd fraction was used for the LC-562 MS/MS analysis. Briefly, peptides were separated on an Ultimate 3000 system (Thermo 563 Scientific) with self-packed columns filled with Kinetex reversed phase C18 material (2.6 µm, 564 100 Å) coupled to LTQ Velos Orbitrap Pro mass spectrometer (Thermo Scientific). Peptide 565 solutions were preconcentrated on the trapping column 100 µm x 2 cm for 16 min using 0.1% 566 Three independent TAP experiments were performed using Raa7 as bait (P1-P3). Non-specific interactors were identified by control 769 purifications using three RST-1 cultures and one non-tagged wild type culture for TAP experiments (C1-C4). Proteins were analyzed with the 770 tools PredAlgo (PA), TargetP (TP), and ChloroP (CP) for the prediction of subcellular localization. Proteins which were found with at least two 771 peptides in all three Raa7-TAP experiments and exhibit a putative mitochondrial/chloroplast transit peptide were considered as specific (32 772 proteins). Amongst 32 proteins (Table S3) , the trans-splicing factors Raa1, Raa2, and Raa7 were detected (Columns "Accession" and 773 "Protein"). The number of unique peptides is given in column "Σ ≠ peptides". Column "kDa" represents the predicted molecular mass of 774 corresponding proteins in kDa. 775 Table S1 .
SUPPORTING INFORMATION 596
Supplementary
Raa7-TAP Σ ≠ peptides
Polymorphic markers used for mapping or RAA7
For mapping of RAA7, segregation of polymorphic markers was monitored in the progeny of a cross between the raa7 mutant in the C. reinhardtii background with the C. grossii strain S1D2.
The table lists the oligonucleotides used for PCR amplification with their respective sequence, and the size (bp: base pairs) of the amplicons in the two parental strains (C.r.: C. reinhardtii; S1D2: C. grossii srain S1D2). For Cleaved Amplified Polymorphic Sequence markers (CAPS), the restriction enzyme used for cleavage is indicated.
Supplementary Table S2 .
Oligonucleotides used in this work
The table lists the names and respective sequences of the oligonucleotides used for PCR amplification (other than for mapping of RAA7, see Table S1 ) as described in Experimental
Procedures.
Supplementary Table S1
Polymorphic markers used for mapping or RAA7. 
